ABSTRACT Purified human peripheral blood 1 lymphocytes were fractionated by density gradient electrophoresis on the basis of their surface charge. The high mobility cell fractions were found to be enriched in T (16, (20) (21) (22) . This modulation of the Fc receptor was also reported to modify functional properties of the cells (16, (20) (21) (22) . In view of the usefulness of an additional method for the isolation of T~u-and T1-enriched lymphocyte populations without modulation of their Fc receptors, we applied the density gradient electrophoresis method (23, 24) for the separation of the Tgi and T1 cells on the basis of their surface charge. This preparative electrophoretic technique has been applied for the separation of T and B mouse and rat lymphocytes (25-27) and studies for their strain-associated and agerelated differences (28, 29), as well as for the partial separation of human peripheral blood mononuclear leukocytes (30) Preparation of T Lymphocytes. T lymphocytes were prepared as described (16). Monocyte-depleted peripheral blood lymphocytes were washed twice in HBSS and adjusted to 4 X 106 cells per ml. Portions (2 ml) were mixed with 0.5 ml of (heat-inactivated and sheep RBC-absorbed) fetal calf serum and 2 ml of 1% neuraminidase-treated sheep RBC (25 units/ml of 5% sheep RBC). The mixture was incubated at 370C for 5 min, centrifuged at 200 X g for 5 min, and incubated at 4VC for 1 hr or overnight as indicated in the text. The pellets were gently resuspended, left on ice for an additional 15 min, care-
tion. A direct correlation was observed between the number of 177 lymphocytes and the low affinity E-RFC in all the fractions. The separated cell fractions were treated in vitro with different concentrations of concanavalin A (Con A) and examined for the numbers of TM and T1 cells. Low concentrations of Con A (2.5 ;tg/ml) significantly increased the number of TM& cells, whereas high concentrations of Con A (20 , (4) . In contrast, the T17 cell population, when activated by immune complexes, contains cells exhibiting suppressor activity in the similar system (4, 5) . The TIA and Ty cells, reviewed recently (6) (7) (8) , differ in morphology (9) , responses to mitogens (10) , distribution in lymphoid organs (11) , sensitivity to irradiation and corticosteroids (12) , RNA content (13) , locomotor properties (14) , lymphokine production (15) , and spontaneous and antibodydependent cell-mediated cytotoxicity (ADCC) (16) . In addition, alterations in the proportions of Tot and T1 cells have been reported in patients with primary and secondary immunodeficiency disorders (17) (18) (19) (4, 16) followed by centrifugation on a Ficoll/Hypaque cushion. This otherwise simple isolation procedure results in modulation of the Fc receptors of the cells. As a consequence, T1 cells, when examined immediately after isolation by the resetting technique (and even after culturing at 37QC), have either lost their Fc receptors or their Fc receptors are blocked by immune complexes, and therefore ADCC activity could no longer be demonstrated (16, (20) (21) (22) . This modulation of the Fc receptor was also reported to modify functional properties of the cells (16, (20) (21) (22) . In view of the usefulness of an additional method for the isolation of T~u-and T1-enriched lymphocyte populations without modulation of their Fc receptors, we applied the density gradient electrophoresis method (23, 24) for the separation of the Tgi and T1 cells on the basis of their surface charge. This preparative electrophoretic technique has been applied for the separation of T and B mouse and rat lymphocytes (25) (26) (27) and studies for their strain-associated and agerelated differences (28, 29) , as well as for the partial separation of human peripheral blood mononuclear leukocytes (30) and studies of their differential 51Cr uptake (31 (33) . Usually 55-75% of the cells applied were recovered, and they exhibited viability higher than 97%.
Preparation of T Lymphocytes. T lymphocytes were prepared as described (16) . Monocyte-depleted peripheral blood lymphocytes were washed twice in HBSS and adjusted to 4 X 106 cells per ml. Portions (2 ml) were mixed with 0.5 ml of (heat-inactivated and sheep RBC-absorbed) fetal calf serum and 2 ml of 1% neuraminidase-treated sheep RBC (25 units (35) . In the experiments reported here, 30-84 X 1.06 T lymphocytes were subjected to electrophoresis in 10 ml of sample solution (2% Ficoll, 6 .44% sucrose in the electrophoresis buffer). Electrophoresis was carried out for 4.5 hr at constant current (20 mA) . The cells were collected as described by Svendsen (36) . Details of the experimental procedures and the apparatus are given elsewhere (23, 26) . The apparatus used in these experiments was kindly provided by Andreas Chrambach of the National Institutes of Health. The separated cell fractions were counted with a Coulter Counter, diluted 1:10 with HBSS supplemented with 10% fetal calf serum, centrifuged at 400 X g for 7 min, and pooled according to their relative position (25, 26) by using an electric pipetter (Pipet-aid, Drummond Scientific Co., Broomall, PA). All pooled fractions were washed two more times before any determination of surface markers or functional tests.
Concanavalin A (Con A) Treatment. Lymphocytes at 1.5-2.0 X 106 cells per ml were treated with various concentrations (2.5 Mg/ml, 20 Mg/ml, and 40 ug/ml) of Con A (Pharmacia) for [18] [19] [20] [21] [22] [23] [24] hr at 370C in complete medium. The cells were washed twice with HBSS and then examined for numbers of TM and T~y cells. Their viability was above 90%.
Proliferative Response to Mitogens. Responses to optimal concentrations of phytohemagglutin (PHA)-P (GIBCO) and Con A were assayed as described (37) .
Cell Surface Markers. TMu and T'y cells were determined by rosette formation with ox RBC coated with rabbit IgM and IgG anti-ox RBC immunoglobulins, respectively, as described (12, 16) . High-affinity sheep RBC rosette-forming cells (E-RBC) were identified by a modification of the procedure described by West et (41) . Ripley RFC were determined as described (42) . RESULTS Cells recovered after electrophoresis exhibited a viability greater than 95%, as determined by trypan blue dye exclusion.
Of the cells applied, 64.3% (56.5-76.5%) was recovered after electrophoresis, pooling, and washing.
A typical separation of monocyte-depleted peripheral blood lymphocytes is presented in Fig. 1 (30) .
Two representative experiments demonstrating separations (Fig. 4B) .
After incubation at 370C for 18 hr in complete medium, TMA cells were enriched in the high-mobility fractions, and these fractions lacked Ty cells almost completely (Fig. 4C ). In contrast, Ty cells were found only in the low-mobility fractions. Furthermore, the high-affinity E-RFC were enriched in the high-mobility fraction and again appear to include the TM and To cell populations. The low-affinity E-RFC, which appear to include the Ty cell population, were in the low-mobility fractions. Treatment of the separated cell fractions with various concentrations of Con A (2.5 Mg/ml, 20 MLg/ml, and 40 ,g/ml)
for 24 hr produced a differential effect on the expression of receptors for IgM and IgG on T cells (Fig. 4 D, E, and F) . A significant increase in the proportions of TM cells was observed when Con A at 2.5 Mug/ml was used, whereas a significant increase in the proportions of Ty cells was found when Con A at 20,Mg/ml was used. It Fig. 4 A, C, D, (16, (20) (21) (22) (Fig. 4) (43) . Furthermore, the observation that the high-affinity E-RFC are of higher mobility in comparison with the low-affinity E-RFC is also in agreement with laser Doppler spectroscopy and analytical electrophoresis studies reported elsewhere (44) (45) (46) (47) . Considering the reports that the ratio of the high-to low-affinity E-RFC is significantly altered in patients with cancer and other diseases (48) , it will be of interest to investigate the behavior of the cells from such patients in this electrophoretic system.
The low-affinity E-RFC and the Ty cells were found in similar proportions in all the fractions, so that the former appears to include the latter. This finding is in agreement with reports that only the low-affinity E-RFC have receptors for the Fc portion of IgG (38, 43) . Furthermore, the report that the human K cell forms a low-affinity E-rosette (49) and the recent observation that the Ty cells are solely responsible for the T cell-mediated ADCC (16) further support our observations. Another association of TA and To cells with the high-affinity E-RFC was observed in our experiments. Studies using purified TM and To by rosetting techniques are required for confirmation of this finding.
In Vitro treatment of the separated cell fractions with various concentrations of Con A produced a differential effect on the TMi and Ty phenotypes. Although the lower concentrations of Con A (2.5 ,g/ml) increased the numbers of TMt cells, the higher concentrations of Con A (20 Mg/ml and 40,Mg/ml) significantly decreased the numbers of TM cells and increased the number of Ty cells. These findings are in agreement with other results from this laboratory (5), in which the possible mechanisms of these phenotypic changes were investigated. In that study (5) decrease in TM and increase in Ty cells with high concentrations of Con A were shown to be due to a switch of a subpopulation of TM to Ty cells. The proliferative responses to mitogens (PHA and Con A) of the separated cell fractions are in agreement with the observations of Moretta et al. (10) , who found that all T cell subsets respond to Con A but only TM cells respond to PHA.
In conclusion, we demonstrated the use of the density gra- 
